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Introduction
Either digital holography or iterative phase retrieval techniques are widely used for visualization as well as for quantitative imaging in microscopy and in other relevant research areas. Such techniques rely in the numerical capabilities provided by computers to reconstruct the image of an object from the measurement of the intensity distribution of the coherent wave diffracted by the object. While in digital holographic microscopy (DHM) the object wavefront is encoded as an interference pattern [1] [2] [3] [4] [5] , in phase retrieval several intensity measurements of the propagated beam are required to reconstruct the phase of the object wavefront [6] [7] [8] [9] [10] [11] .
To mitigate problems such as twin-image and dc-term (zeroth-order diffraction) overlapping in the hologram reconstruction, that distort the image of the object, additional techniques are often applied in DHM as for example phase-shifting interferometry [12, 13] . It increases the setup complexity and requires high stability during the recording of the interferograms, used for accurate recovering of the wavefront's phase information.
On the other hand, the iterative phase retrieval techniques can provide robustness and a versatile experimental implementation without the need of an interference process with a reference beam. However such phase retrieval algorithms also suffer from several limitations, depending upon the considered approach. In the case of conventional iterative approaches based on the Gerchberg-Saxton (GS) algorithm [6] , the main limitation is the ambiguity (e.g. defocus and twin-image) in the retrieved phase caused by convergence stagnation to spurious local minima solutions. Moreover, the reconstruction is more difficult if not only the phase but also the amplitude of the signal in the object plane are unknown as it is well-known in coherent optical and X-ray imaging [14] [15] [16] , wavefront sensing, etc.
In the last few years, several strategies to overcome such problems as well as for improving the iterative phase retrieval algorithms, have been developed. Most of them rely on the use of multiple measurements of diverse intensity distributions (also referred as constraint images) to increase the algorithm robustness and to mitigate ambiguity and stagnation [16] [17] [18] . For instance, Faulkner and Rodenburg [17, 18] introduced a form of diversity that consists of acquiring a set of far-field intensity patterns obtained when the object is displaced transversely relative to a pre-designed illumination beam. However it requires an accurate knowledge of both the illumination beam and the transverse displacements of the object. Moreover, a high precision translation stage has to be used for its experimental implementation.
Other relevant way to increase the information diversity is based on the appropriate transformation of the diffracted field by means of an astigmatic operation [19] [20] [21] [22] [23] . Specifically, the technique developed in Ref. [23] consists of the measurement of several constraint images (squared root of the intensity distribution) that correspond to Wigner distribution projections of the beam. The controlled astigmatism breaks the symmetry of the imaging system and provides by this way uniqueness of the retrieved complex-field amplitude. It also makes the iterative GS algorithm fast and robust against noisy measurements, ambiguities and stagnation. Indeed, the measurement of few constraint images to retrieve the phase information after tens instead of thousands iterations is required. Its application for accurate laser beam characterization was experimentally demonstrated [23] . We also underline that the implementation of controlled aberrations (e.g. astigmatism) has been found useful for phase retrieval in the context of electron diffraction imaging [24] [25] [26] .
In this work we generalize the approach proposed in Ref.
[23] to the retrieval of both amplitude and phase distribution, without a priori knowledge about the object, that allows its implementation in imaging systems. The proposed technique and its performance are briefly discussed in Section 2. An optical system for its experimental implementation, which can be easily inserted in other imaging devices, is described in Section 3. The Section 4 is devoted to the applications of the proposed approach for imaging in the context of transmission microscopy. In particular, we study the method's capabilities for relevant imaging tasks such as resolution enhancement of the retrieved image, numerical refocusing and quantitative phase mapping. The problem of detection and localization of micron-sized particles is also studied by using the proposed approach, which experimental results are compared with the ones provided by a conventional in-line holography technique. Relevant parameters (e.g. shape and refractive index) of such miro-particles are determined form the retrieved signal and compared with the values quoted by the manufacturer. Concluding remarks are drawn in Section 5.
Algorithm for iterative wavefield retrieval
The proposed algorithm exploits the diversity provided by a controlled astigmatic phase modulation of the object beam f (x, y) under study. The modulated beam is free-space propagated a fixed distance z and it is expressed as f out (r o 
being r in,o = (x in,o , y in,o ) the input and output spatial coordinates, j is an integer and λ is the wavelength. Here L j (r in ) stands for the transmittance function of the convergent cylindrical lens with variable focal length f j = α j z that controls the astigmatism of the constraint images | f out (r o ; j)| (square root of the measured intensity) and, therefore, provides the required information diversity. This procedure is inspired on the iterative phase retrieval algorithm developed in Ref. [23] , in which such a varifocal cylindrical lens is fixed. It is important to note that this algorithm requires the measurement of the constraint images ( j = 1, 2, ..., M ), which includes the intensity distribution of the object field f (r in ) whose direct acquisition is not always possible. While, in this work, we generalize this approach to retrieve both amplitude and phase distributions of the object field. In this case the diversity required for accurate signal recovery is provided by modulating the object field f (r in ) with an astigmatic phase in two orthogonal directions. For instance, a cylindrical lens L j (r in ) oriented according to the x− and y−axis can be used for odd and even j, respectively. Notice that the orientation of the cylindrical lenses (e.g. along the x− and y−axis) is arbitrary if they remain orthogonally oriented. Nevertheless, because the constraint images are often registered in a square area of the CCD chip (as it is in our case), it could be useful rotating them by an angle π/4 for optimizing the acquisition of such an astigmatic field. In this case, the lenses necessary for wavefield retrieval can be easily expressed as
which corresponds to a cylindrical lens rotated at π/4 and −π/4 for odd and even j, respectively.
Forward propagation
Backward propagation New wavefield estimation The flow chart of the proposed iterative wavefield retrieval is depicted in Fig. 1 . As initial wavefield estimation ω k=1, j=1 the pupil function P(x, y) of the lens is applied. The pupil function serves as a realistic estimation. In each iteration loop k = 1, 2, ..., N, all the measured constraints images
] are applied as shown in Fig. 1 , where j = 1, 2, ..., M (M constraint images). Therefore after N × M iterations it is expected a successful wavefield retrieval: ω N,M (x, y) = f (r in ). Notice that the entire wavefield is updated in each iteration step rather than just the phase distribution, which is done in the retrieval algorithm developed in Ref. [23] .
To illustrate the algorithm performance, let us consider as input beam the Laguerre−Gaussian (LG) mode given by
where: r 2 = x 2 + y 2 , w is the beam waist, and L l p is the Laguerre polynomial with radial index p and azimuthal index l. In particular, we study the input beam f (r in ) = LG + 2,4 , see Fig. 2(a) , with a beam waist w = √ λ z, where the wavelength λ = 532 nm and the propagation distance z = 10 cm that correspond to our experimental setup described in Section 3. We remind that the LG beams are stable under free-space propagation, which means that its form is preserved except for scaling. Moreover a LG mode cannot be distinguished from its complex conjugate (twin-image) under propagation. These facts make difficult the wavefield retrieval of a LG mode and therefore it is well-suited for testing signal recovery algorithms. The algorithm convergence is monitored by calculating the relative root mean square error (RMSE) of the estimated constraints
, corresponding to each iteration, with respect to the measured ones E j as it follows
The corresponding wavefields retrieved after N × M = 96 are shown in Fig. 2 (b), while the corresponding evolution of the RMSE is shown in Fig. 2 (c). These results demonstrate that the increase of the number M of constraint images significantly speeds up the convergence of the RMSE. Convergence in the wavefield retrieval is reached at N ×M = 96 iterations with a RMSE value of 0.04 (M = 2), 0.01 (M = 3), and 5 × 10 −3 (M = 4). We conclude that at least three constraint images are necessary to obtain successful signal retrieval, using a low number of iterations. We remind that each constraint image E j is associated with a single value of the focal length given as f j = α j z [see the lens function Eq. (2) To obtain an accurate signal recovery and mitigate ambiguities caused by noisy experimental measurements, the number (M) of constraint images has to be increased. It was previously demonstrated in the astigmatic phase retrieval approaches reported in Refs. [22, 23] . We underline that this fact is ignored in the astigmatic phase retrieval technique proposed by Henderson et al. [20] , in which only three constraint images are used. In the latter work an iterative algorithm comprising forward and backward beam propagation is also applied, where: Two cylindrical lenses (orthogonally oriented as well) with fixed and identical focal length are used for generating two constraint images, while the third one corresponds to the measurement of the far-field diffraction pattern. Such an algorithm is based on the astigmatic phase retrieval approach reported by Nugent et al. [19] . In contrast to our approach, in Henderson's algorithm the wavefield is estimated via arithmetic average of the three retrieved signals obtained in each iteration step. Notice that the averaging process is often introduced in order to provide robustness against noise [27] . Such an averaging process significantly degrades the algorithm convergence, although the considered diversity effectively provides uniqueness [20] . This fact can be easily demonstrated by comparing the behavior of the RMSE convergence obtained without and with the implementation of such an averaging process in the algorithm, see Fig. 2 (c) and 2(d) respectively. Indeed, in our case the RMSE convergence is stable [ Fig. 2(c) ] and 6× faster than the one obtained in the case of using the Henderson's method, referred to as algorithm type 2 in Fig. 2(d) . Specifically, for M = 3 constraint images the RMSE convergence is reached at 0.01 after 96 iterations, while using the Henderson's algorithm about 576 iterations are required to reach convergence at the same RMSE value. Therefore the proposed technique provides an accurate and fast signal retrieval using tens instead of hundreds iterations. It is important to note that the same improvement ratio in the algorithm convergence is also obtained when M = 2 and 4 constraint images are applied, which RMSE evolution is also shown in Fig. 2(d) .
In our case the numerical simulation was performed using 1024×1024 pixels, where the Fast Fourier Transform (FFT) is applied for accurate calculation of the Fresnel diffraction integral, Eq. (1), see for example [28] . The algorithm typically converges within 1 minute (GNU/Linux workstation, Intel Core i7 processor, Matlab R2010a) after N × M = 96 iterations, where M is the number of constraint images of 1024 × 1024 pixels. These facts make the described method a versatile tool for wavefield retrieval. Notice that almost real time calculation can be reached by using a highly parallel processor, as for example a graphic processing unit [29] .
Experimental implementation
The lenses L j (x, y) necessary for wavefield retrieval [see Eq. (2)] are addressed into a programmable spatial light modulator (SLM) operating in phase-only modulation. Specifically, we use a reflective LCoS-SLM (Holoeye PLUTO, 8-bit gray-level, pixel pitch of 8 µm and 1920 × 1080 pixels), which was calibrated for a 2π phase shift at the wavelength λ = 532 nm and corrected from static aberrations caused by the deviation of flatness of the SLM display, as reported in Ref. [23] . The wavefront flatness was compensated up to λ /15 RMS for a circular area of 4 mm in diameter of the SLM display, where the digital lenses are addressed, which guarantees for an accurate lens implementation. In this work we apply the same experimental setup described in Ref. [23] , in which a collimated Nd:YAG laser (linearly polarized at λ = 532 nm, with output power of 300 mW) is spatially modulated by the SLM in order to generate such signals. Nevertheless, conventional glass cylindrical lenses can be used instead of such digital ones. The experimental setup is sketched in Fig. 3 . Two relay lenses (RL 1 and RL 2 ) are set as a 4-f system or telescope for spatial filtering to isolate the addressed signal from the unmodulated light as well as from unwanted diffraction terms caused by the discrete structure of the SLM display. Notice that this spatial filtering is achieved at the Fourier plane of the spherical relay lens RL 1 , whereas the SLM is located at its back focal plane. Therefore the encoded lens L j (x, y) is generated at the output plane (at z 0 = 0) of the telescope, which corresponds to the focal plane of relay lens RL 2 , see Fig. 3 . The cylindrical lens L j (x, y) addressed into the SLM was set with a focal length f j = α j z/s² to deal with the telescope magnification s. The intensity distribution of the outgoing beam is recorded by a CCD camera (Spiricon SP620U, 12-bit graylevel, pixel pitch of 4.4 µm and 1620 × 1200 pixels), which is placed at distance z for acquiring the constraint images.
The measurement of the constraint images is mostly limited by the size of the active area of the CCD chip. Notice that the numerical aperture (NA) of such a system is given by both the chip size of the CCD and the propagation distance z. Therefore, in order to reach a maximum NA, the distance z was chosen as short as possible. Indeed, the shortest focal length that the SLM is able to implement at the considered wavelength is about f min = 15 cm. Since the lens addressed in the SLM has a focal length given by f j = α j z/s², where s = 0.4 is the magnification of the telescope and α min = 0.35, the shortest propagation distance is z = 10 cm. To reduce as much as possible the artifacts as well as ambiguities, caused by noisy experimental measurements and the limited dynamic range of the CCD camera, we use M = 8 constraints images obtained for the transformation parameter values α = 0.35, 0.42, 0.5, 0.62, 0.75, 0.87, 1, and 1.12. The analysis shows that at least four constraint images are necessary to obtain successful retrieval from experimental data.
In the next Section, we study the implementation of the proposed experimental setup for quantitative imaging in microscopy. Specifically, two experimental schemes are considered for this application. In the first one, the object under study is placed at the plane z 0 = 0 where it is illuminated by the probe beams corresponding to the lenses L j (x, y), where j = 1, 2, ..., M. While in the second setup scheme the light scattered by the object is directly imaged into SLM using a microscope objective. The main goal of these experiments is to demonstrate an accurate retrieval of the wavefield, from which the image of the specimen can be synthesized and analyzed.
Imaging in microscopy by means of wavefield retrieval
The proposed technique for wavefield retrieval has several advantages: i) It is robust because the measurement does not require interferometry and the optical elements in the experimental setups are fixed, ii) It provides an accurate wavefield recovery since ambiguities such as twinimage and defocus (typically found in conventional GS algorithms) are suppressed thanks to the constraint diversity, iii) It is fast as in the acquisition of the required constraint images -the CCD camera and SLM can be synchronized to perform an automatic measurement at video rates (25 fps)-as well as in the retrieval algorithm convergence. We also underline that additional postprocessing tasks such as image resampling and digital alignment of the constraint images are not required in our approach.
These facts make the proposed approach a promising tool for imaging applications. Here we consider some of them related to the transmission microscopy geometry. In the following examples, the convergence of the iterative algorithm is typically reached after N × M = 96 iterations using M = 8 constraints images.
Transmission microscopy scheme via multi-illumination probe beams
In this microscopy scheme the specimen (placed at z 0 = 0, see Fig. 3 ) is sequentially illuminated by several probe or scanning beams P(x, y)L j (x, y), where P(x, y) is the circular pupil of the addressed lens. Specifically, such a pupil function is fixed with radius 0.8 mm and it corresponds to a circular area of 4 mm in diameter of the SLM display. Here the relay telescope magnification has been taken into account. The specimen image is obtained from the wavefield retrieved at z 0 = 0, while the constraint images are acquired by the CCD camera as it is displayed in Fig. 4(a) .
In our case the light scattered from the specimen is registered at fixed distance z = 10 cm in the central area of the CCD chip corresponding to 1024 × 1024 pixels. In order to enhance the resolution of the retrieved field, one can register the adjacent scattered field for every illumination beam by moving the CCD camera in the recording plane, for example as displayed in Fig. 4(b) . It allows generating an extended synthetic aperture (SA) with an effective spatial cutoff frequency higher than the cutoff given by the limited CCD aperture. We underline that the extended SA in the Fourier domain is often applied for super-resolution imaging, see for example Refs. [5, 30] . Implementing this technique the corresponding parts of the retrieved field (obtained from the constraint images registered at each CCD position) are properly assembled in the Fourier domain. Specifically, it is achieved by performing the Fourier transform of each retrieved part of the signal to compose an extended Fourier spectrum from which the superresolved image is generated, by simple inverse Fourier transformation. 
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x (mm) To experimentally demonstrate the performance of the wavefield retrieval algorithm for imaging applications, we first consider a high-resolution USAF test target as an object. The last resolved elements in the retrieved image Fig. 5(a) are G5-E3 corresponding to a cutoff frequency of 40 lp/mm. This limit in the spatial resolution can be extended up to 114 lp/mm (G6-E6), see Fig. 5(b) and its zoomed inset, by assembling five retrieved fields obtained from the measurement of the constraint images as sketched in Fig. 4(b) . It implies an spatial resolution enhancement about 3× in the retrieved image, whose size is increased to 3072 × 3072 pixels.
This technique also allows successful imaging of the wavefields produced by biological specimen. In particular, we study an onion skin specimen enclosed into a flow chamber (filled with distilled water) made by attaching two glass coverslip (thickness about 0.17 mm). The retrieved intensity distribution of the sample is shown in Fig. 5(c) . As observed, the whole cell structure of the specimen is clearly distinguished: Nucleus as well as the cell membranes. While the superresolved image Fig. 5(d) presents further details. For instance, the nucleus and membranes are better revolved and distinguished from the rest of the cell structure [see the zoomed inset of Fig. 5(d) ], which also presents fine details. These experimental results demonstrate an accurate wavefield retrieval suitable for imaging with wide field of view. Nevertheless, for proper analysis of the phase distribution of a specimen wavefield, a microscope objective providing appropriate magnification is required. This case is studied in detail in the next subsection.
Transmission microscopy scheme using a microscope objective
The proposed optical setup for wavefield retrieval can be easily assembled with a conventional microscope. Specifically, the light scattered by the specimen is imaged through the microscope objective (MO) into the SLM display as sketched in Fig. 6 . The optical path between the back focal plane of the MO and the SLM display is set according to a tube lens distance of 17 cm. Therefore the image of the specimen is obtained at the output plane z 0 = 0 of the relay telescope, see Fig. 6 . While the tube lens is digitally addressed into the SLM together with cylindrical lenses L j (x, y) necessary for the wavefield retrieval. Applying the algorithm described in Section 2 we are able to retrieve the wavefield at z 0 = 0 from the measurement of the constraint images acquired by the CCD camera at the position z = 10 cm. Notice that the absorption coefficient and the real part of the refractive index, n, of the sample play an important role in the imaging processes because both affect to the transmitted wavefield. Therefore amplitude as well as phase distributions of the scattered field must be recovered for achieving quantitative analysis of the specimen. In particular, refractive index mapping, associated with phase distribution, is useful for biological applications because it reveals the cell activity, molecular dynamics, etc. We underline that in the last years tomographic techniques Let us first study the onion skin object, which is imaged using a Zeiss 16× objective (0.4 NA, Carl Zeiss Jena Apochromat) at the plane z 0 = 0, see Fig. 7(a) . The intensity [ Fig. 7(b) ] and phase [ Fig. 7(c) ] distributions of the light modulated by the specimen, projected into the conjugated plane z 0 = 0, are simultaneously retrieved using the constraint images registered at the plane z. Notice that the synthesized image Fig. 7(b) is slightly blurred with respect the image Fig. 7(a) due to the limited CCD aperture (cutoff frequency of 40 lp/mm) comprising the recording setup, as previously discussed. While the information content of the intensity images is almost the same, that in particular underlines the accuracy of the retrieval method, the phase map provides additional details about the cell structure. The nucleus and cell membrane are clearly distinguished in the unwrapped phase distribution as well as in its 3D representation displayed in Fig. 7(d) and 7(c) , correspondingly. For accurate phase unwrapping we applied the algorithm reported in Ref. [32] .
The retrieved amplitude and phase distributions of the light modulated by the object, can also be used for the numerical refocusing. Here we demonstrate this technique on the synthesized field recovered using the proposed method. As test object it is considered an aggregate of polystyrene spheres of 5.0 ± 0.3 µm in radius (Duke Scientific Lot 9949) dispersed in immersion oil to avoid motion artifacts in the retrieved image. Its intensity distribution imaged at plane z 0 = 0 using a Zeiss 40× objective (0.95 NA, Carl Zeiss Jena Apochromat) is shown in Fig. 8(a) . The light scattered by the beads and the unscattered portion of the illumination laser beam form an interference pattern yielding an in-line hologram, which is clearly observed in Fig. 8(a) . The retrieved intensity and phase of the field are displayed in Fig. 8 (b) and 8(c), respectively. From the unwrapped phase displayed in Fig. 8 (d) and 8(e) we conclude that several particles labeled as 1, 2, 3 and 4 are arranged on top of each other. In particular, the particles #1 and #2 are partially hidden behind the #3 and #4 ones. This fact is not well-distinguished in the intensity distribution either. The particle position can be accurately measured by performing numerical refocusing of the retrieved wavefield. Indeed, the synthesized wavefield is numerically propagated from the conjugated image plane z 0 = 0 until all particles centers are found by locating the corresponding maxima in the diffracted field, see Fig. 9 . Notice that the particles are labeled as they appear focused. Specifically, the spheres #5 − 7 are focused at z = 11 ± 1 µm, #8 − 10 at z = 18 ± 1 µm while the bead #11 is located at z = 23 ± 1 µm. Because the particles #1 and #2 are correspondingly attached to the ends of the #3 and #4 ones, their axial positions can not be accurately measured by applying this technique. Nevertheless, the light focused by the pairs of particles (#1 and #3) and (#2 and #4) is observed at z = 5 ± 1 µm and z = 8 ± 1 µm in the transversal position (plane XY ) indicated as bead #3 and #4, respectively.
Let us now compare the considered particle localization method with another one based on numerical reconstruction of in-line holograms, which is often applied for fast particle tracking in microscopy, see for example [3, 33] . In the latter case, the particle position can be also found by locating the maximum intensity in the propagated field. This technique requires a well-defined interference pattern in the hologram, as the one observed in Fig. 8(a) . Notice that a single particle can be detected if its corresponding diffracted field is properly encoded in the hologram. For the case of particles closely aggregated, the diffraction pattern of the whole structure is mostly encoded rather than the pattern emerging from each particle. Thus, it is expected that only some beads of the aggregate could be detected by using this holographic method. Indeed, as it is demonstrated in Fig. 10 , only the beads #7, #8, #10 and #11 are successfully detected.
From the unwrapped phase distribution φ (x, y) shown in Fig. 8(d) , it is also possible to determine the bead's radius (R) and its refractive index n b . However, an accurate knowledge about the refractive index of the surrounding fluid (immersion oil, n s = 1.52 at 589 nm) is required. Because the particle is spherical in shape one can estimate both the radius of the bead and the refractive index difference n b − n s by linear fitting of the plot corresponding to the square of the phase φ 2 (x, y) against
Notice that in the case of a spherical bead the square of the phase is theoretically given by the expression
see Ref. [34] in which this technique was demonstrated for polystyrene beads as well. Fig. 8(a) .
In our case, the exact determination of the center (x o , y o ) of the sphere was obtained from the numerical refocusing results previously discussed. It allows for easy determination of the phase profile of the bead needed for accurate fitting. In particular, we consider the bead #7 for which the phase profile determined by averaging in four directions is shown in Fig. 11(a) . The corresponding best linear fitting is displayed in Fig. 11(b) . A refractive index difference n b − n s = 0.063 ± 0.004 is obtained from the slope of the fitted line according with Eq. (5). Thus, the quoted refractive index at 532 nm is n b = 1.583 ± 0.004 whereas a bead's radius value of R = (5.0 ± 0.2) µm is found from the intercept of the fitted line. These values are consistent with the ones quoted by the manufacturer, R = (5.0 ± 0.3) µm and n b = 1.59 − 1.60 at 589 nm. The refractive index determination is in good agreement with the value reported by Ma et al. [35] (n b = 1.588 at 532 nm), although slightly smaller than the one quoted in Ref.
[36] (n b = 1.5986) and Ref.
[34] (n b = 1.602). These results demonstrate that proposed approach can be used for determination of quantitative information about the object. Moreover, the considered examples illustrate the potential applications of the proposed wavefield retrieval approach for advanced microscopic imaging which includes enhanced resolution, numerical refocusing, quantitative imaging and phase mapping, etc. 
Conclusions
We have developed an iterative wavefield retrieval approach that exploits controlled astigmatic phase modulation to obtain appropriate diversity in the intensity measurements. The algorithm is robust against noise, ambiguities and stagnation and provides recovery uniqueness. The comparison with another similar technique demonstrates that tens instead of hundreds iterations are needed for its convergence. The experimental setup for the implementation of the proposed method is highly robust (all the optical elements and the CCD camera are fixed) and its incorporation in other optical schemes is straightforward. It is based on a SLM that accurately implements the cylindrical lenses with corrected aberration required in this wavefield retrieval approach. A digital lens implementation at video rates synchronized with the CCD camera provides fast intensity measurements (constraint images) in a millisecond range. The high versatility of the proposed setup also allow simple implementation of advanced techniques for improving the resolution of the retrieved image.
The fast and accurate retrieval of complex-valued fields has been experimentally demonstrated for several applications in microscopic imaging. In particular, it has been demonstrated that super-resolution in the retrieved image of the object can be easily obtained using the proposed technique for generating an extended synthetic aperture. Indeed, a super-resolution factor about 3× in the cutoff frequency of the setup was reached by the proper assembling of five ad-jacent parts of the scattered field. The proposed approach promises to make easier and more practical the wavefield retrieval for quantitative imaging required in relevant optical applications. For instance, it has been demonstrated that shape, size and refractive index of polystyrene micro-particles can be accurately determined from the retrieved field. These results are in good agreement with the ones quoted by the manufacturer, although further research is needed to definitely establish its accuracy.
